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Abstract 
An understanding of population density is essential to addressing environmental 
issues in Haiti. Decades of significant political, economic, environmental, and social 
challenges have influenced both population density and the landscape of the country. 
Additionally, lack of consistent and reliable census data poses great challenges to 
tracking population growth in Haiti. Data from the US Census Bureau and USGS Global 
Visualization Viewer satellite images were used to analyze the impact of population 
density on Haiti’s landscape. A comparison of Haiti’s population density in 2007 and 
2018 using remote sensing analyses offers insight into the landscape of the country. 
The images illustrate damage of Haiti’s natural resources due to human development in 
vulnerable ecosystems, natural disasters and poor regulations. To reduce and prevent 
further damage to the environment, governmental regulations must be put in place to 
protect the environment and slow the growth of the population.  
Introduction 
Haiti’s population growth has had a major impact on the country’s environmental 
stability. The results of this report contain two sections: a GIS analysis and a remote 
sensing analysis. Remote sensing analysis comparing images from 2007 and 2018 
reveal considerable deforestation, degradation of water quality, and soil erosion all of 
which can be attributed, in large part, to population growth.  Over the last several 
decades, Haiti has experienced several challenges, including natural disasters and 
political discord. Recovery efforts following the 2010 earthquake provided an 
opportunity for sustainable development. However, political instability and corruption 
have prevented meaningful progress in addressing aging infrastructure, limited capacity 
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for urban planning, and inadequate regulations. The political instability creates 
additional risk of flooding events when major storms occur. The situation in Port-Au-
Prince is particularly dire, as most of the capital can be described as a shanty town. The 
lack of access to safe water fuels disease epidemics, including cholera and malaria. 
Haiti’s environmental challenges must be addressed to insure a sustainable future for its 
people. 
 
Background of Population Data Collection 
Haiti is the second most populated country in the Caribbean at 11.1 million 
residents, just behind Cuba’s population at 11.5 million (Worldometers, 2018). Haiti’s 
population has grown rapidly in the last decade, increasing from 9.89 million people in 
2013 (World Population Review 2018). Haiti occupies the western part of the island of 
Hispaniola, with a surface area about the size of the state of Maryland. The United 
Nations (UN) estimates the population density of Haiti at 907 people per square mile, 
which is very high for a small, island country (2018). Port-au-Prince, the capital and 
largest city, holds over 1.2 million residents (2018). Demographics of the country 
include a majority (95%) of African descent, with the remaining 5% of mixed race 
(European, Asian and Middle Eastern descent) (2018).  
Collection of Haitian Census data has been inconsistent. The Haitian Institute of 
Statistics and Informatics (IHSI) is the governing body responsible for collecting 
demographic data. However, the efforts of IHSI have been sporadic and unreliable. IHSI 
first collected demographic information from 1950 to 1970 (IHSI). Subsequent census 
counts were taken between the years of 1970 to 1986, 1986 to 1994, 1994 to 2000 and 
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2000 to 2006. Recent reports indicate that census data will be released for the first time 
since the 2010 earthquake in 2018, but the IHSI has yet to release the report on their 
website (World Bank, 2017). According to a brief history on the IHSI website, various 
special reports were released over time depending on the current events and needs of 
the country. For example, the 1953 report provided a “Collection of the Hundred Fifty 
Years of Independence” following the country’s independence from France in 1804. The 
1957 report focused on special data collected from cyclones Hazel (1954) and Kathie 
(1955) and the northwest drought (1956). During the 1970-1986 collection period, IHSI 
released the first Census (1971) and other important surveys on the country’s 
economics, fertility, employment, housing and agriculture. These surveys have 
improved the government’s ability to track shifts in population and demographics. With 
this data, IHSI has created descriptive maps of the country’s demographics; however, 
the data collection lacks consistency, predictability and reliability.  
Census data collection became inconsistent due to economic and political 
instability. The political instability of Haiti is most recently apparent during the Duvalier 
era (1957 to 1986), the era of transition governments (1986 to 1994), and the period 
from 1994 to the present. IHSI felt the repercussions of the economic and political 
instability, and the institution reports a decline in accuracy of data collected (IHSI 
website). It was not until after 1994 that the lack of reliable statistical data was at the 
forefront of concern. As a result, IHSI renewed its commitment to collect and provide 
quality information. In 1996, a three-year action plan was formulated to generate 
statistical information with the goal of addressing socioeconomic issues facing the 
country.  Up until the earthquake of 2010, efforts evolved to meet the needs of both the 
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population and the government, though much of the data has been questioned for its 
completeness, as there are still parts of the country which are undocumented by the 
government.  The earthquake created a significant disruption in data collection, as more 
than 300,000 people died and many more were displaced (Britannica, 2010). 
As IHSI has struggled with access to large segments of the Haitian population 
and resources which allow for reliable data collection, new sources of data from the 
international community have emerged. The U.S. Census Bureau has done some work 
estimating population density in Haiti, a pilot project implemented due to Haiti’s high 
frequency of natural disasters and storms over the past decades. A map was created 
with high- and medium-resolution satellite imagery coupled with data from the 2003 
national census. According to the US Census Bureau, “The resulting 100-meter gridded 
population map is the finest-scale demographic map of the country ever produced” (US 
Census Bureau, 2018). This map was made available in 2010 after the earthquake and 
has been used to aid disaster relief efforts.  
For a country like Haiti, effective methods to determine population density and 
growth are essential to develop a system of prevention programs that address natural 
disasters and environmental issues. Several studies have shown that poverty is one of 
the primary indicators contributing to environmental degradation (Azar et al., 2010). 
According to Azar et al. (2010), economic and biophysical factors are the primary 
reasons that Haiti’s environment is vulnerable. Consistent efforts to maintain accurate 
statistics on population density will be critical to improving the environmental issues 
facing the country.  
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Objectives and Current Challenges 
The objective of this project is to demonstrate how population density in Port-Au-
Prince contributes to environmental challenges in Haiti through GIS and remote sensing 
analyses. The primary challenges demonstrated in this project include over-
development of vulnerable land causing deforestation and soil erosion. Secondary 
challenges from over-development and population density, although not visible through 
the remote sensing images, include degradation of water quality and lack of waste 
management. Contributing factors to some of these issues in the country include natural 
disasters, aging infrastructure, newly settled slums in vulnerable areas, limited urban 
planning capacity and inadequate building regulations.  
 
Methods and Data 
A mixed-methods approach was employed in this study to demonstrate the 
impacts of population density in Haiti. The first method used US Census Bureau data to 
develop a population distribution and flood zone map. Due to the high frequency of 
hurricanes and other natural disasters, Haiti was chosen in 2003, for a pilot project 
which was focused on population mapping methods. The 100-meter gridded population 
map became one of the best scale demographic map of Haiti. High-resolution optical 
imagery was used with the census data to determine the spatial distribution of Haiti’s 
population (Azar et al. 2010). 
The second method applied remote sensing analysis to high-resolution images 
from two different years: 2007 and 2018. The remote sensing analysis used data from 
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the United States Global Visualization Viewer (GloVis) and analyzed the images 
through the Sentinel Application Platform (SNAP) software.  
Using the GloVis data, an “unsupervised classification” of Landsat 5 and 8 was 
performed for the greater Port-au-Prince region. The Landsat program provides high-
resolution multispectral data of the Earth’s surface. The classification method process 
groups pixels in these images into classes based on their natural spectral. The goal is to 
group pixels that represent water bodies, vegetation, and urban land together based on 
similar spectral characteristics. Spectral pattern recognition focuses on the regrouping 
pixels of these images on the basis of spectral relationship of the surroundings. Image 
texture, feature size, pixel proximity and shape are being considered for spectral 
classification.   
Sensed images from years 2007 and 2018 were used to perform a K-means 
classification analysis to produce a detailed thematic image. SNAP served as a remote 
sensing analyst, equipped with analytical tools to interpret satellite imagery. It is 
important to note that the identity of these spectral classes is not initially known because 
they are only based on natural regrouping. Google Earth was used for each image to 
determine the identity of the spectral classes. The United States Geological Survey 
(USGS) establishes a classification system to analyze land use and land cover. USGS 
defines urban or built-up land as the composition of areas of intensive use where much 
of the land is covered by features such as roads, power, communication facilities, 
highways, and other human-made structures (Lillesand, 1979).  
Population density is usually related to other land use classifications, and these 
classifications can be used to interpret the characteristics of the landscape. This 
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classification method will be used to extract information related to each pixel.  Because 
spectral reflectance values can correspond to different land uses and characteristics, 
non-urban areas will provide a better relationship between spectral components of land 
use. Geographers and researchers have used several methods for visualizing and 
analyzing population density, differing based on the land characteristics. Another 
method that can be used with classification techniques is a correlation with image pixel 
characteristics. This method also focuses on identifying physical characteristics through 
extraction from remotely sensed imagery. 
 The idea of using imagery pixel values was first introduced by Hsu in 1973 to 
develop multiple regression models for population estimation (Wu et al. 2005).  The 
application of this method was not used until Lisaka and Hegedus’s work in 1982 in 
estimating the population density in Tokyo, Japan. To analyze the distribution, they 
stated that “the mean spectral values of Landsat MSS bands 4, 6, and 7 were strongly 
correlated to population density” (Wu et al. 2005). Several other studies have used this 
approach with the higher resolution imagery of SPOT. However, these values 
themselves are not enough to determine population densities accurately, and other 
techniques must be taken into consideration. Wu explains how incorporating other 
spectral transformation measures, such as textural measures, the band-to-band ratio, 
and the difference-to-sum ratio can be beneficial when estimating population 
distribution. Many studies use image texture analysis to identify pixels and correlate 
pixel counts in different classifications with population density, focusing on the approach 
of land use characterization.   
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The Thematic Mapper (TM) is an advanced sensor for improved image 
resolution, spectral separation, geometric fidelity, and greater radiometric accuracy 
(NASA, 2017). The Thematic Mapper data are sensed in seven spectral bands 
consecutively. The Near Infrared band is useful for determining vegetation types, 
biomass content and water bodies. The Red Band is useful to identify cultural features 
while also determining different types of vegetation. The Green Band is helpful to 
measure green reflectance peak vegetation for vegetation discrimination. On February 
11, 2013, Landsat 8 was launched to collect valuable data that can be used for 
education, science, population density, agriculture, and government purposes.  
 
Results  
         The results of this study can be divided into two sets of results based on the 
methods used. Figure 1 illustrates the use of the first method. Based on a 2003 study by 
the US Census Bureau on Haiti’s population distribution, the image shows the people 
per square mile across Haiti. The image also shows vulnerable flood zones, which are 
highly prevalent in all corners of the country. Additionally, in yellow, the map highlights 
where most of the infrastructure damage that took place as a result of the 2010 
earthquake.  
        The remote sensing analyses method is display in Figures 2 through 7.  The 
Figures 2 and 3 are analyses of satellite images from two different periods: 2007 and 
2018. An “unsupervised classification” of Landsat LT05 of September 18, 2007, and 
LC08 of February 20, 2018, were performed for western Haiti. To interpret and classify 
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Figure 1. Haiti 2003 population distribution and major flood zones 
Count the Uncountable      11 
 
University of Southern Maine, Muskie School of Public Service 
 
  
 
 
Figure 2 & 3. This is a representation of the normal color composite of bands 1(Blue), 2(Green), 3(Red); Landsat 5 and 8; Haiti 
Figure 2. Landsat 5, Haiti 2007 Figure 3. Landsat 8, Haiti 2018 
Figure 4. Landsat 5, Haiti 2007 Figure 5. Landsat 8, Haiti 2018 
Figure 4 & 5. This is a representation of the false color composite; Landsat 5 and 8; Haiti 
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Figures 2 and 3, a K-means classification was conducted. The band combination on 
Figures 2 and 3 shows the ground features with vegetation in green and urban build-up, 
such as roads, buildings, and the shorelines in gray. 
Figures 4 and 5 are also daytime images that used an “unsupervised 
classification” of Landsat LT05 of September 18, 2007, and LC08 of February 20, 2018. 
The band combination in Figures 4 and 5 represents the false color composite where 
the dark red represents coniferous trees, and other vegetation appears in a light red. 
The deep red section of this map shows healthy vegetation. In the false-color 
composite, the light blue area of the map represents a densely populated part of the 
city.  
Figures 6 and 7 are also the result of the unsupervised classification. When 
comparing Figure 6 to Figure 7, the analysis shows that there is a shift in population  
Figure 6 & 7.  This map shown an Unsupervised Classification using K-Means Cluster analysis  
Figure 6. Unsupervised Classification of Landsat 5, Haiti 2007 Figure 7. Unsupervised Classification of Landsat 8, Haiti 2018 
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density.  After the January 2010 earthquake, a large number of the population shifted 
from the center of the capital to outlying mountainsides and wetlands. Originally, the 
intent was to avoid tsunamis and more earthquakes, but many residents were not able 
to return to their damaged homes and stayed in the mountainside. As a result, a new 
slum was created, and it has adversely impacted nearby wetlands and coastline. 
 
Discussion 
Without a doubt, remote sensing provides significant supplemental information to 
problems faced in communities on the ground. As opposed to different methodologies, 
remote sensing analysis has several advantages over other forms of technology. It 
provides valuable information to detect major urban features. GIS and ancillary spatial 
data play a crucial role in assessing and analyzing land use. According to Donnay et al. 
(2010), “the integration of GIS and remote sensing has justifiably received widespread 
and extensive attention in the recent literature.” While many still use census data as a 
primary data source, high-spatial-resolution through QuickBird, IKONOS and Landsat 
TM are now widely used.  
Classification of land use through remote sensing applications will play a crucial 
role in future geographical analysis. The ongoing growth of the human population 
continues to shape land use characteristics. The world population is projected to 
increase to 10 billion in 2050 (Donnay et al. 2001). Haiti’s population is growing at a rate 
of 1.23% per year, which is the fifth fastest growth rate in the Caribbean (World Bank, 
2018). Due to the complex nature of the developing countries like Haiti, existing 
information on land use will be critical in determining these features. Data recorded from 
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remote sensing alone does not provide enough information needed to identify 
landscapes or data related to the surface properties.   
When analyzing remotely sensed data, it is imperative to understand how 
spectral reflectance works. Spectral reflectance refers to “the amount of surface-leaving 
radiation in different parts of the electromagnetic spectrum” (Donnay et al. 2001). 
Spectral information is acquired from observed surface properties. Although remotely-
sensed data isn’t perfect, it can be used to categorize the following land uses: green 
vegetation and human-made structures. 
As previously stated, a secondary impact of population density is lack of 
adequate waste management. Build-up of solid and human waste places a significant 
impact on human health, as seen in 
Figure 8. Many factors contribute to the 
lack of waste management in Haiti, but 
creating waste management 
infrasturcutre and stringent regulations 
are key to start. Figures 10 and 11 also 
demonstrate the need for adequate waste 
and recycling management. Residents will also need to be educated about proper 
waste disposal practices and encouraged not to burn trash, pollute residential water 
sources and dispose of trash into streams that move into the ocean during rain events.  
The development of the slum seen in Figure 9 contributes to Haiti’s ongoing 
environmental problems, such as land degradation, deforestation, water pollution, and 
soil erosion. Pollution associated with the expanding population also represents a 
Figure 8. Photo by Thanex Louis, August 2018 
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growing threat on the landscape. Innovative ideas are needed to address the growing 
population and protect the environment in Haiti. This is very crucial not only for Haiti and 
other countries in the region but the world as the impact of air pollution generated by 
burning trash affects the environment globally. 
 
 
Figure 10. Photo by Thanex Louis, August 2018 Figure 11. Photo by Thanex Louis, August 2018 
Figure 9. Photo by Thanex Louis, August 2018 
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Conclusion 
Population growth in Haiti adversely impacts the environment. Human activities 
play a significant role in the destruction of natural resources. Addressing these issues is 
essential for the survival of the population and ecosystem. When it comes to strain on 
the environment, “exposure to stress can be reduced by minimizing its intensity, 
frequency, duration, or extent.” (Chapin et al., 2009). Furthermore, Chapin explains that 
mitigation can be a challenge as these stresses are cumulative; oftentimes, the problem 
being greater than the regulatory body can manage. A comprehensive transformation 
plan is needed to prepare Haiti to tackle these challenges by developing new strategies 
and adapting to changes. Additionally, “adaptive capacity depends on biological, 
economic, and cultural diversity that provides the building blocks to adjust to change. 
The capacity of individuals or groups to learn how their system works and how and why 
it is changing; experimentation and innovation to test the understanding, and the 
capacity to govern by selecting, communicating and implementing appropriate 
solutions” (Chapin et al., 2009). Implementation of stringent regulations is crucial to 
meeting these challenges in Haiti. Additionally, active education campaigns are needed 
to engage the population in the consequences of environmental issues and the growing 
population.  
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